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ABSTRACT 



A process for operating a coffee roaster to obtain reduced 
levels of pollutants in exhaust gases vented from the coffee : 
roaster. In the process, fuel gases are, combusted in a 
combustion chamber and all of the combusted gases are 
directed into a roasting chamber for roasting coffee beans in 
the roasting chamber. The exhaust gases from the roasting 
chamber are then separated into a recycle stream and an 
exhaust stream with the recycle stream comprising the 
majority of the exhaust gases. The recycle stream is returned 
to the combustion chamber. The exhaust stream is then 
subjected to secondary combustion at relatively low tem- 
peratures prior to venting. 

10 Claims 1 Drawing Sheet 
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PURIFICATION OF ROASTER GASES To reduce the pollutant levels in the exhaust gases which 

TPrHMir at mm n are vented » il nas ^en suggested to include a secondary 

Ifc^HINlCAL tl^U bumer iflto system priof t£) yenting this does 

This invention relates to a process for operating a coffee reduce pollutant levels to some extent, the levels are still 

roaster and treating the exhaust gases from the coffee roaster 5 high. Also, the temperature in the secondary burner needs to 

so as to reduce pollutants in the exhaust gases ultimately be very high, for example above about 700° C, to obtain 

discharged to the atmosphere. In particular, the pollutants in significant reduction in pollutant levels. Even then CO levels 

the exhaust gases are reduced sufficiently to meet legislation are usually not reduced enough. Also energy consumption is 

concerning pollutants in exhaust gases. high. 

BACKGROUND OF THE INVENTION 10 11 nas also Deen suggested to include a catalytic converter 

Usually environmental legislation in developed countries in J° the system prior to venting of the exhaust gases The use 

sets maximum levels for one or more of the following of a *«*yte converter is fte most approbate solution in 

pollutants in exhaust gases: solid particle levels, CO, NOx, countries where the legislation does not place any limit on 

and volatile organic substances. Atao, limits on the tempera- 15 N0 * content since the use of catalytic converters results in 

h,« ~f ««™ ;« ' nnA S »u Q 15 production of NOx. Hence, although the catalytic converter 

ture or the gases m exhaust chimneys and opacity or the r , «~ . . ' n " \ Tn t , 

A *c j ■ * * , ,, . , ,. „ reduces CO levels, it actually increases NOx levels, 

gases are often specified in environmental legislation. How- „ . . Ut . t A J t , 

l-^iot™ f„ t u„ „ mi ic Jl t „ ni c n „„ A However, it is difficult to introduce a catalytic converter into 

ever legislation in the various countries is not unitorm and A . 4 _ iL . . ^ - * • § 

°^T„ « * * § ii , , c . the system after the secondary burner due to the high 

the permitted levels of pollutants vary from country to # ' f »■ r*i. j u 

coui JJ r y temperature of operation of the secondary burner. 

Basically, two types of legislation can be distinguished: SUMMARY OF THE INVENTION 

those which limit the NOx content of the exhaust gases, and , . . , . - , . 

those which do not. Spain is an example of a country in 11 15 ^refore an object of the invention to provide a 

which the NOx content of the exhaust gases is restricted. For P roccss ?[ gating a coffee roaster which results in exhaust 

example, in Spain, exhaust gases from coffee roasters mav 25 ^ s w * lev t els of pollutants lower than those prescribed in 

contain a maximum: solids particle content of 150 mg/N m* existing legislation. 

CO content of 500 ppm, NOx content of 300 ppm, and an Accordingly, in one aspect this invention provides a 

opacity level of 2. However there is no limit on the total process for operating a coffee roaster to obtain reduced 

organic carbon (TOC) that the exhaust gases may contain. levels of pollutants in exhaust gases vented from the coffee 

Germany, however, is an example of a country in which the 30 roaster, the process comprising: 

NOx content of the exhaust gases is not restricted. For combusting gases in a combustion chamber and directing 

example, in Germany, exhaust gases from coffee roasters all of the combusted gases into a roasting chamber for 

may contain a maximum: solids particle content of 150 roasting of coffee beans in the roasting chamber; 

mg/N m 3 , CO content of 50 mg/N m 3 , TOC content of 50 extracting exhaust gases from the roasting chamber and 

mg/N m 3 . However there is no limit on the NOx content of 3S separating the exhaust gases into a recycle stream and 

the exhaust gases. an exhaust stream, the recycle stream comprising the 

Traditionally coffee roasters comprise a fuel burner (the majority of the exhaust gases and being returned to the 

fuel usually being natural gas or oil) which receives and combustion chamber; and 

heats air introduced from the ambient. The heated air, mixed subjecting the exhaust stream to secondary combustion 

with the combusted gas, is usually at a temperature of about 40 prior to venting the exhaust stream. 

370 to 450° C. and is directed to a roasting chamber, usually Surprisingly, by splitting the exhaust gases from the 

in the form of a rotary cylinder or tumbler, which contains roasting chamber and separating the exhaust gases into a 

the green coffee beans. The heated air and combusted gases recycle stream and an exhaust stream, the level of pollutants 

then roast the coffee beans. The exhaust gases from the in the exhaust gases ultimately vented to the atmosphere 

roasting chamber are usually at a temperature of about 150° 45 may be reduced significantly. Further the temperature at 

C. They are usually directed to a cyclone separator to which the secondary combustion takes place may be much 

remove entrained solid particles and are then vented; often lower than required in conventional systems. This enables \/ 

without treatment. With this basic system, the pollutant venting of the exhaust gases at much lower temperatures. /\ 

levels in the exhaust gases will very often exceed the levels Also, incorporation of catalytic treatment is greatly facihy 

set in the relevant legislation. 50 tated. 

Consequently, numerous systems have been proposed to Further, because all of the combusted gases from the 

reduce and control the levels of pollutants in the exhaust combustion chamber are directed to the roasting chamber, 

gases. One proposal is to direct only a part of the mixture of all the energy provided in the combustion chamber is used 

hot air and combusted gases from the combustion chamber for roasting of the coffee beans. 

into the roasting chamber; the remainder being directed to a 55 The recycle stream preferably comprises about 60% to 

cyclone separator and then vented. The portion of the hot air about 80% by volume of the exhaust gases extracted from 

and combusted gases which is directed to the roasting roasting chamber; more preferably about 65% to about 75%. 

chamber is passed through a cyclone separator once leaving Preferably, upon termination of the roasting by quenching 

the roasting chamber and recycled to the combustion cham- of the coffee beans, the recycle stream is closed and all 

ber. However, upon termination of roasting by quenching 60 exhaust gases extracted from the roasting chamber are 

with water, large amounts of steam are produced. This directed to the exhaust stream. 

causes a large increase in the volume of exhaust gases, Preferably the process further comprises the step of 

which increases the pressure and volume of the exhaust removing entrained solid particles from the exhaust gases 

gases within the recycle circuit. This in turn can cause extracted from the roasting chamber prior to splitting of the 

chilling of the flame of the burner, with the result that the 65 exhaust gases into the recycle and exhaust streams, 

quality of the combusted gases deteriorates. Also, the pol- The secondary combustion preferably takes place at a 

lutant levels in the exhaust gases which are vented are high. temperature in the range of about 200° C. to about 350° C. 
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The process may further comprise subjecting the exhaust Clearly, the regulating valve 24 need not be positioned in the 

gases in the exhaust stream to catalytic treatment to reduce recycle stream 22; it may be positioned in the exhaust stream 

CO levels. 30. Also, instead of using a simple flow splitter 16 and a 

The process may be controlled automatically by means of regulation valve 24, the flow splitter 16 may include flow 

a control system which determines and regulates the volume 5 regulation means. 

flow rates in the recycle stream and the exhaust stream. The The exhaust gases in the exhaust stream 30 are directed to 
flow rates may be regulated, for example, by adjustment of a secondary combustion chamber 18 in which they are 
a regulating valve in the recycle stream. mrther combusted; for example by means of a suitable 
In another aspect, this invention provides a coffee roasting burner 36 ^ tem pcrature in the secondary combustion 
system, the system comprising: 10 chamber 18 may conveniently be in the range of about 200° 
a combustion chamber which includes a burner for com- C, to about 350° C. The gases 20 leaving the secondary 
busting gases; combustion chamber 18 are vented; for example through a 
a roasting chamber for roasting coffee beans, the roasting chimney (not shown), 
chamber being connected to the combustion chamber If desired, a catalytic converter (not shown) may be 
for receiving all combusted gases produced in the 15 connected after the secondary combustion chamber 18. 
combustion chamber; Since the gases 20 leaving the secondary combustion cham- 
flow splitting means for splitting exhaust gases received ber 18 are usually at a temperature not exceeding about 350° 
from the roasting chamber into a recycle stream and an C., a catalytic converter (not shown) may be readily con- 
exhaust stream, the recycle stream being returned to the 2Q nected after the secondary combustion chamber 18. If 
combustion chamber; desired, a filter (for example a self -cleaning filter) may be 
a secondary combustion chamber which includes a burner positioned prior to the catalytic converter. 

for combusting exhaust gases in the exhaust stream; For quenching of the roasted beans, the regulating valve 

compressor means for causing gas flow through the 24 is shut, preventing the flow of the exhaust gases in the 

system; and 25 recycle stream 22 into the combustion chamber 2. A quench- 

control means for controlling the flow of exhaust gases in «« fluid is simultaneously sprayed on the roasted beans in 

the recycle stream and the exhaust stream and for [he roasting chamber 8 to rapidly lower their temperature to 

closing the recycle stream during quenching of the below roastm g temperatures. All gases given off during this 

coffee beans. sta S e P 3 ^ through toe compressor 12 and the cyclone 

30 separator 14 as described above. However, since the regu- 

BRIEF DESCRIPTION OF THE DRAWINGS lating valve 24 is shut, the gases 28 leaving the cyclone 

„ . «. * ■ jm J4 separator 14 are all directed through the flow splitter 16 to 

Embodiments of the invention are now described by way lhe secondary GOmbasXksn chamber 18. 
of example only, with reference to the drawing which is a 

schematic flow diagram of a process for controlling the ^ entire svstem * controlled and regulated automati- 

levels of pollution from a coffee roasting process. 35 call V b V means of a controller 26. The controller 26 monitors 

the temperature and flow rate of the gases 20 leaving the 

DETAILED DESCRIPTION OF THE secondary combustion chamber 18 and the temperature and 

INVENTION flow rate of the exhaust gases in the recycle stream 22. From 

& - ri_t_ these parameters the controller 26 is able to determine the 

During the roasting of green coffee beans, fresh combus- 40 volumetric flow rate lit between tne ]e stream 22 and 

turn gases 4 are drawn into a burner 34 and combusted m a the exhaust stream 30 If the volumetric flow rate s Ut 



combustion chamber 2 of a coffee roaster in a conventional devjates from , desifed u (he 2fi appropciately 

manner. Recycled exhaust gases in a recycle stream 22 are , ates ^ M Vllve 24 10 obtain the de ^ d & 

also mtroduced mto the combustion chamber 2 in a manner clear , )he ^ rcsuIt be acbjeved b havin tfae 

described below. The temperature in the combustion cham- 45 con|roUer 26 monitof 0(her parameters . such ^ the flow rat / 

ber 2 is a temperature suitable for producing gases for ^ the exnaust s(ream 3Q for h Qnc6 , hc ^ ^ 

'l^frSf?^* 0 ?; CXampl6 fr ° m - **° U l 220 C - 'r ^ to be quenched, the controUer 26 shuts the regulating 

a £° Ut ?2£ £ - u dly ' h l. te ° peratUrC * m the reg, ° n ° f valve 24; re-opening it upon start-up of the next roasting 

about 400* C. to about 500° C. cyck *" 

The combusted gases 6 leaving the combustion chamber 50 . „ . « . 

2 are all directed to a roasting chamber 8 which, in use, Further ' ,he . as***®* * "S^f tne burner 36 in 

contains green coffee beans to be roasted. Because the f«ponse to changes in the temperature of the gases 20 

combusted gases 6 are at a temperature of about 220° C. to l«v,ng the secondary combustion . dumber 18 to obtain a 

about SW C they cause the green coffee beans to be consUl " Th* provides the advantage mat 

roasted exhaust gases at a constant, low temperature may be fed to 

™ " . . 55 a catalytic converter. Also, any legislative restrictions may 

The exhaust gases 10 from the roasting chamber 8 are be met u ig ^ iWe for me controller 26 to late the 

compressed in a compressor 12 and are directed to a cyclone bufner 34 m ^ ^ mbustion chamber 2 t0 achieve * the same 

separator 14. Entramed solid particles in the exhaust gases e ff ec t. 
10 are removed from the bottom of the cyclone separator 14. 

The gases 28 leaving the top of the cyclone separator 14 are 60 Suitable controllers are commercially available; for 

directed to a flow splitter 16 for splitting the gases 28 into example from the Allen-Bradley corporation, 
the recycle stream 22 and an exhaust stream 30. The flow Apart from emitting exhaust gases having relatively low 

splitter 16 is conveniently a Y or T junction. The exhaust temperatures, the process has the significant advantage that 

gases in the recycle stream 22 are returned to the combustion the exhaust gases are substantially transparent and have low 

chamber 2. A regulating valve 24 regulates the flow of the 65 levels of CO and NOx. For example, a typical analysis of 

exhaust gases in the recycle stream 22 and hence the split exhaust gases vented by the process (without catalytic 

between the recycle stream 22 and the exhaust stream 30. treatment) is as follows: 
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Opacity 

CO 

NGx 

Temperature 



transparent 
357 ppm 

less thflQ 50 mg/N m 3 
about 240° C 



Further, the energy consumption in the process is much 
lower than the conventional processes in which not all 
combusted gas is directed into the roasting chamber 8. 

Hie controller 26 may also be used to ensure the safety of 
the system. For example, if the temperature of the exhaust 
gases in the recycle stream were to become higher than a 
safe maximum, an unacceptable fire risk may arise. If this 
should occur, the controller 26 may shut the regulation valve 
24 and stop the burners. 

As in the installation elements are introduced into the 
outlet for the fumes, which can be obstructed, it is advisable 
to introduce a bursting disc. 

The following example, which is in no way. restrictive, is 
given to describe the process of the invention. 

EXAMPLE 

A batch of 240 kg of green coffee beans, being a blend of 
robusta/Brazil/milds in proportions of 30/40/30% by weight, 
are placed in the roasting chamber of a coffee roaster. The 
burner of the combustion chamber is fired up and all the 
exhaust gases from the combustion chamber are directed 
into the roasting chamber. The temperature of the gases 
entering the roasting chamber is 450° C. while the tempera- 
ture of the exhaust gases leaving the rotary chamber is about 
150° C, the coffee beans reaching a temperature of 210° C. 

The exhaust gases from the roasting chamber are com- 
pressed and directed through a cyclone separator. The gases 
leaving the cyclone separator are divided in a flow splitter 
into a recycle stream comprising 70% of the gases and an 
exhaust stream comprising 30% of the gases. The split is 
controlled automatically by a control system which regulates 
a regulating valve in the recycle stream. The exhaust stream 
is directed to a secondary combustion chamber in which the 
gas is further combusted at about 350° C. using a secondary 
burner which is supplied with fuel and fresh air. 

The exhaust gases from the secondary combustion cham- 
ber are at a temperature of 301° C. and are vented to the 
atmosphere. These gases contain the following contami- 
nants: 



solid particles 

CO 

NOx 

TOC 



undetectable 
394 mg/N m 3 
57 mg/N m 5 
undetectable 



Tlie control system records the temperature of the vented 
gases discharged and the temperature of the recycled 
exhaust gases. 

After about 14 minutes, the control system shuts the 
regulating valve and the recycle of gases to the combustion 
chamber is terminated. Also about 30 litres of water is 
sprayed inside the roasting chamber to quench the roasting 
process. Since the regulating valve is closed, all exhaust 
gases leaving the roasting chamber are directed to the 
secondary combustion chamber where they are combusted. 
The temperature of the exhaust gases from the secondary 
combustion chamber remains at about 301° C. 

205 kg of roasted coffee beans are obtained. 



What is claimed is : 

1. A process for operating a coffee roaster to obtain 
reduced levels of pollutants in exhaust gases vented from the 
coffee roaster, the process comprising: 

5 combusting gases in a combustion chamber and directing 

all of the combusted gases into a roasting chamber for 

roasting of coffee beans in the roasting chamber; 
extracting exhaust gas from the roasting chamber and 

separating the exhaust gases into a recycle stream and 
10 an exhaust stream, the recycle stream comprising the 

majority of the exhaust gases and being returned to the 

combustion chamber; and 
subjecting the exhaust stream to secondary combustion 

prior to venting the exhaust stream; the secondary 
15 exhaust combustion taking place at a temperature in the 

range of about 200° C. to about 350° C. 

2. A process according to claim 1 in which the recycle 
stream comprises about 60% to about 80% by volume of the 
exhaust gases extracted from roasting chamber. 

20 3. A process according to claim 1 in which, upon termi- 
nation of the roasting by quenching of the coffee beans, the 
recycle stream is closed and all exhaust gases extracted from 
the roasting chamber are directed to the exhaust stream. 

4. A process according to claim 3 in which the process 
25 further comprises the step of removing entrained solid 

particles from the exhaust gases extracted from the roasting 
chamber prior to splitting of the exhaust gases into the 
recycle and exhaust streams. 

5. A process according to claim 1 further comprising 
3Q subjecting the exhaust gases in the exhaust stream to cata- 
lytic treatment to reduce CO levels after the secondary 
combustion. 

6. A process for operating a coffee roaster to obtain 
reduced levels of pollutants in exhaust gases vented from the 
coffee roaster, the process comprising: 

35 combusting gases in a combustion chamber and directing 
all of the combusted gases into a roasting chamber for 
roasting of coffee beans in the roasting chamber; 
extracting exhaust gas from the roasting chamber; 

40 separating the exhaust gases into a recycle stream and an 
exhaust stream, the recycle stream comprising the 
majority of the exhaust gases and being returned to the 
combustion chamber; 
cortrolling the separation of the exhaust gases into the 

45 recycle stream and the exhaust stream to provide a 
constant volumetric flow rate split; and 
subjecting the exhaust stream to secondary combustion 
prior to venting the exhaust stream; the secondary 
exhaust combustion taking place at a temperature in the 

50 range of about 200° C. to about 350° C. 

7. A process according to claim 6 in which the recycle 
stream comprises about 60% to about 80% by volume of the 
exhaust gases extracted from the roasting chamber. 

8. A process according to claim 6 in which, upon termi- 
55 nation of the roasting by qenching of the coffee beans, the 

recycle stream is closed and all exhaust gases extracted from 
the roasting chamber are directed to the exhaust stream. 

9. A process according to claim 8 in which the process 
further comprises the step of removing entrained solid 
particles from the exhaust gases extracted from the roasting 

60 chamber prior to splitting of the exhaust gases into the 
recycle and exhaust streams. 

10. A process according to claim 6 further comprising 
subjecting the exhaust gases in the exhaust stream to cata- 
lytic treatment to reduce CO levels after the secondary 

65 combustion. 
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